ABSTRACT A new group of ternary borides has been found that show either ferromagnetism or superconductivity. Their general formula is MRh4B4 where M is a transition or rare-earth element. Their superconducting transition temperatures range from approximately 2.5 K for the Sm compound to approximately 12 K for the Lu compound. In the past, the superconducting transition temperatures of borides have always been rather low. The highest values, in the vicinity of 8 K, were reached with pseudobinary molybdenum borides which were metastable and had to be splat cooled (1).
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We have now discovered an entirely new group of superconducting borides which are true ternary compounds, as opposed to the previously known pseudobinary phases. These new compounds have the general formula MRh4B4 (where M is a three or four valent transition element), and their superconducting transition temperatures, by far the highest yet observed for any borides, are given in Table 1 . Transition temperatures were a few tenths of a degree higher when the samples contained an excess of RhB and the values given are for compositions MRh4B4 + 2 [RhB] . This is only the second true ternary system of high-temperature superconductors found thus far. The first was that of the double molybdenum sulphides (2) originally reported by Chevrel et al. (3) .
In contrast to the double sulphides, those compounds in this new superconducting system which have high transition temperatures are the very ones formed with elements which by themselves are not superconducting above 0.1 K. However, some striking analogies to the double sulphides have also been observed. When M is a magnetic rare-earth element such as erbium or thulium the transition temperature is fairly high, even higher than that of the corresponding molybdenum sulphides (4) or selenides (5) . And yet, in this new system there is now a sudden switch to magnetism upon replacing erbium by holmium, a phenomenon never known before (see Table 2 ).
The two crystallographic systems are quite different from each other. Whereas the sulphides are rhombohedral, the new system is tetragonal (6) . For the sulphides, values of the metallic radii were not at all critical, but now only values between 1.70 A and 1.82 A for M in MRh4B4 are able to form this new phase. Again, in contrast to the sulphides, the electron/atom ratio is of decisive importance here, as shown by comparison of the yttrium and lutetium compounds to the thorium compound. Whereas the rhombohedral crystal structure of the molybdenum sulphides may be closely related to a more symmetrical one, such as a cubic structure, the degree of symmetry for the new tetragonal compounds is not yet readily apparent. However, the reason for the sudden switch from ferromagnetism to superconductivity upon replacing elements from holmium (Ho) to erbium (Er) is, at the present time, not clear at all. This change is particularly hard to understand in view of the fact that both Ho and Er have very large effective magnetic moments, with the value for Er only 10% below that of Ho. The discovery of these borides is so recent that explanations will have to wait until magnetic susceptibilities, electrical conductivities, and specific heats are reported. There is the distinct possibility that the Er and Tm compounds will eventually also become ferromagnetic below their superconducting transition temperatures, and that some of the ferromagnetic compounds will in turn become superconducting at temperatures below 1 K.
One fact is clear. This is the first time metal-rich borides have shown high superconducting transition temperatures. These results make it rather evident that our knowledge of the systematic occurrence of superconductivity in true ternary systems is still in its infancy. 
